
HW 2 SOLUTIONS
Problem 1HF Question 3, pg.11.For ea
h part we state the number of DOF's and brie
y de
ribe them.a) 1-the angle des
ribing the rotation of the disk.b) 3-normally a rigid body has six degrees of freedom but �xing a point onthe body removes 3 of them (
orresponding to the three 
oordinates neededto des
ribe the position of the �xed point).
) 2-the ground, or any surfa
e, is 2-dimensional.d) 5-two point parti
les have 6 total degrees of freedom but imposing thatthey keep a 
onstant distan
e from ea
h other provides one 
onstraint.f) 18- 6 for ea
h rigid body.Problem 2HF Problem 6, pg.28a) Adding a 
onstant to the Lagrangian 
learly doesn't 
hange the equa-tions of motion sin
e the 
onstant will drop out when we take �L�q and �L� _q .Multiplying by a 
onstant will just result in a multipli
ation of the E-L equa-tions by that 
onstant, whi
h 
an then be 
an
eled out.b)The Euler-Lagrange equations will be un
hanged under the addition ofa term dFdt if and only if ddt �(dFdt )� _qk = �(dFdt )�qk (1)To verify (??), �rst note that dFdt = �F�qk _qk + �F�t (summation over repeatedindi
es is implied), soddt �(dFdt )� _qk = ddt [ �� _qk (�F�qj _qj + �F�t )℄ (2)= ddt �F�qk (3)1



= �2F�qk�qj _qj + �2F�qk�t (4)while ��qk dFdt = ��qk (�F�qk _qk + �F�t ) (5)= �2F�qk�qj _qj + �2F�qk�t (6)so we have the exa
t same expression for both sides of (??) and we'redone.Problem 3HF Problem 12, pg. 30We have a free parti
le, whi
h by de�nition means V = 0 so we only havea kineti
 term T = 12m( _x2 + _y2) in our lagrangian. Using x = r
os� andy = rsin� we have _x = _r
os� � r _�sin� (7)_y = _rsin� + r _�
os� (8)so we �nd T = 12m( _r2 + r2 _�2) (9)and so taking derivatives yieldsddt �T� _r = m�r (10)�T�r = mr _�2 (11)ddt �T� _� = 2mr _� _r +mr2�� (12)�T�� = 0: (13)2



Now, using Hand and Fin
h's \golden rule" Fk � F � �r�qk = ddt �T� _qk � �T�qk (wherer is the 2-dimensional Eu
lidean position ve
tor of our parti
le) and the fa
tsthat �r�r = êr and �r�� = rê�, we havear = 1mF � êr = 1mFr = �r � r _�2 (14)a� = 1mF � ê� = 1mrFr = 2 _r _� + r2�� (15)Problem 4HF Problem 22, pg. 34Taking (X; �) as our generalized 
oordinates where X is de�ned in theproblem and � is the angle that the pendulum makes with the verti
al, wehave the following expressions for the Eu
lidean x; y 
oordinates of the boxand plane in terms of (X; �):xb = X (16)yb = 
onstant (17)xp = X + lsin� (18)yp = 
onstant + l(1� 
os�) (19)(20)so taking time derivatives yieldsxb = _X (21)yb = 0 (22)xp = _X + l _�
os� (23)yp = l _�sin�: (24)(25)Plugging in the above expressions into T and setting the gravitational po-tential to be 0 when the pendulum is hanging straight down, we haveL = 12M _X2 + 12m( _X2 + 2l _X _�
os� + l2 _�2)�mgl(1� 
os�): (26)Turning the 
rank then yields two (
oupled) EOM's for X and � respe
tively:(M +m) �X +ml��
os� �ml _�2sin� = 0 (27)�Xl
os� + l2�� = �glsin�: (28)3



Problem 5HF Problem 24, pg.34We only need 
ompute T , sin
e p� � �L� _� and V doesn't depend on _�. Sin
ewe're dealing with a rigid body, T = 12I!2 where ! is the angular velo
ityand I is the moment of inertia about the axis of rotation. Clearly ! = _�,and we have I = Z l�d0 (m=l)x2dx + Z d0 (m=l)x2dx (29)= (m=3l)[(l � d)3 + d3℄ (30)although we will not use this expression for I expli
itly in our answer. ThusT = 12I _�2 so p� = I _� = I! (31)the angular momentum!
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